together with hepatic 5'-monodeiodination (5'-D) activity, were measured in normal (Dw) and dwarf chick (dw) embryos at incubation d 18. An injection of 10 )ig of ovine GH (oGH) raised plasma concentrations of T 3 in Dw embryos after 1 and 2 h and stimulated hepatic 5'-D activity after 2 h. A non-specific increase in T 4 was also observed after 1 h in Dw animals probably due to the heterologous nature of the injection. These effects were not observed in dw embryos. An injection of 1 pg of TRH was able to increase cGH levels after 15 min in Dw embryos, whereas the observed increase in the dw group was not significant. In Dw embryos, 0.01, 0.1 and 1 pg of TRH increased plasma concentrations of T 3 in a dose-dependent way, whereas in dw embryos, no reaction to the TRH injections was seen, except for the highest dose used. Contrary to this observation, T 4 was increased to the same level in both Dw and dw embryos following TRH injections. An injection of 1 pg of ovine CRH increased corticosterone after 0.5 h and elevated T 3 and T 4 after 2 h to the same extent in Dw and dw embryos. It is concluded that the thyrotrophic activities of TRH and oCRH and the corticotropic activity of oCRH do not differ between normal and sex-linked dwarf embryos. However TRH and GH were unable to stimulate the T 4 -T 3 conversion in the liver of dw embryos, presumably due to the lack of hepatic GH receptors in these animals.
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chicken / dwarf I thyroid TRH / CRH / GH Résumé &horbar; Inhibition de la production périphérique de la trilodothyronine avec une stimulation normale de la sécrétion des hormones thyroïdiennes chez les embryons de (Scanes et al, 1983; Huybrechts et al, 1987) .
However, in the chick embryo prior to pipping, the presence of the dwarf gene does not result in a changed plasma concentration of T 3 , thyroxine (T 4 ) or IGF I and II, or a changed T 4 liver 5'-monodeiodination activity (5'-D) (Huybrechts et al, 1989 (Kuhn et al, 1986) . In the present study, this effect was reinvestigated in dwarfs using the thyrotrophin releasing hormone tripeptide (TRH), which is known to be a powerful secretagogue of GH in the growing chick (Scanes et al, 1986) , and is also effective in the chick embryo (Kuhn et al, 1988b) .
Since CRH is known to have a thyrotrophic effect in the chick embryo, but not a somatotrophic effect (Meeuwis et al, 1989) , the influence of CRH on hepatic 5'-D, T 3 and T 4 levels in chick embryos of the dwarf and normal genotypes was also included in this study.
MATERIALS AND METHODS
The eggs used in these experiments came from the mating of heterozygous sires (Dwdw) with dwarf females (dw-) at the Laboratoire de G6n6-tique Factorielle, INRA, Jouy-en-Josas, France.
In order to make a distinction between control and dwarf chick embryos, the dwarf (dw) gene was linked with the silver gene(s) for down colour. This resulted in brown-feathered dwarf and white-feathered normal embryos. The (Jacobs et al, 1988) . This T 4 antiserum did have a 3.5% cross-reactivity with T 3 . Intraassay variation for T 4 was 2.5% and interassay variation was 17.2%.
T 4 was detectable at concentrations as low as 3.12 ng/ml. The interassay variation of the T 3 3 assay was 2.9%, the intraassay variation was 6.2% and the detection limit was 125 pg/ml. The cross reactivity of the T 3 antiserum with T Q was 0.3%.
The radioimmunoassay for cGH was developed using a high affinity murine monoclonal antibody (Berghman et al, 1987) . Briefly, 20 pl of plasma or standard solution (2-200 ng/ml) were incubated for 24 h at room temperature with 100 wl of tracer (!251-cGH prepared following the iodogen method, 8000 cpm in 0.5% pre-immune mouse serum) and 100 pl of monoclonal antibody (ascites 1/5.10 6 ). The next day, 100 wl of goat-antimouse antiserum (1/40) was added for another 24-h incubation. After centrifugation at 2400 x g for 10 min, the supernatant was aspirated and the precipitate was counted in a gam- 
RESULTS

Injection of oGH (fig 1)
An injection of 10 gg of oGH in 18-d old Dw chick embryo, raised plasma concentrations of T 3 after 1 and 2 h. This increase was more pronounced after 2 h when hepatic 5'-D activity was also stimulated and the plasma T 3 to T 4 ratio was raised. No increase in T 3 plasma levels or stimulation of 5'-D activity was observed in dw embryos following injection of 10 0 jg of GH.
The injection of oGH also increased plasma T 4 after 1 h in Dw, whereas the increase in dw was nearly significant. No effect on T 4 was seen 2 h following injection of GH.
Injections of TRH (fig 2)
TRH was injected at doses of 0.01, 0.1 and 1 pg, and blood samples were taken at 15 min and 2 h following injection.
Only the highest dose of TRH was able to increase circulating GH levels from control levels of 5.4 ± 0.2 to 10.6 ± 2.2 ng/ml after 15 min in Dw embryos. Control levels of dw embryos (6.6 ± 0.3 ng/ml) were not raised significantly 15 min after injection of 1 pg of TRH (8.8 ± 1.8 ng/ml). Two h after the injection, all levels were similar to those of the control groups. 
Injections of O CRH (fig 3)
Injections with 1 jg of oCRH were ineffective on circulating T 3 and T 4 concentrations in 18-d-old dwarf and normal embryos after 0.5 and 1 h. However, 2 h after injection, CRH increased both T 3 and T 4 the latter in a far more pronounced way, resulting in a sharp decrease of the T 3 to T 4 4
ratio.
An injection of 1 pg of oCRH was effective in increasing plasma corticosterone concentrations after 0.5 h in normal and dwarf embryos. This effect remained present after 1 h in dw birds, but had disappeared in normal ones. Two h following injection of CRH, no significant corticosterone increases could be found in either group of animals.
DISCUSSION
These results confirm previous experiments on normal chick embryos, indicating that an injection of cGH (Berghman et al, 1989; Darras et al, 1990) or hypothalamic hormones, which are known to release GH (Kuhn et al, 1988a, b) , will increase plasma concentrations of T 3 ,, and the T 3 to T 4 , ratio by stimulating hepatic 5'-D activity. The sex-linked dwarf chicken embryo, however, was totally ineffective in this respect. Only the highest dose of TRH could increase plasma T 3 (x 1.6), but not hepatic 5'-D activity nor the plasma T 3 to T 4 ratio, which actually decreased. The effect on plasma T 3 was far below the one found in normal chick embryos (x 6.7), using the same dose of TRH.
Dwarf animals, however, could release which releases cGH, was without any effect on circulating levels of T 4 after 15 m, 1 or 2 h (Kuhn et al, 1988b Leatherland, 1978; Grau and Stetson, 1979; Byamungu et al, 1990) .
The thyrotrophic and adrenocorticotrophic activity of oCRH, in this study, confirms a previous report using a Hisex White strain of chick embryos (Meeuwis et al, 1989) . Both activities were equally present in dwarf and normal chick embryos. One may wonder whether these effects of oCRH are the result of a direct stimulation of thyrotrophin or due to mediation of ACTH and corticosterone release, which are known to increase plasma concentration of T 3 and T 4 in the chick embryo (Decuypere et al, 1983 (Buonomo et al, 1987) . This may also explain why TRH was first claimed to have no effect on GH release in the chick embryo (Decuypere and Scanes, 1983), whereas later studies could raise GH in plasma of chick embryos 15 m and 2 h after TRH injection, using the same dose as in this study (Kuhn et al, 1988a ).
In conclusion, several hypothalamic hormones maintain a thyrotrophic control in the chick embryo carrying the dwarfing gene on the sex chromosome. However, they are unable to obtain high plasma T 3 concentrations, probably not because of a diminished GH release following TRH stimulation, which indeed may even be increased in growing chickens (Scanes et al, 1986) . Several reports point to diminished hepatic GH-receptor binding in sex-linked dwarf chickens (Leung et al, 1987) or in adult dwarf broiler breeding hens (Kuhn et al, 1989) , and preliminary observations also indicate an impaired binding of GH to its hepatic receptor in dw embryos (Vanderpooten, unpublished observation) . The lack of hepatic GH receptor in the dwarf chick embryo at the end of incubation therefore, seems to be responsible for the observed differences between dw and Dw embryos. At the same time, it indicates the importance of the development of liver GH receptors at the end of incubation for the maturation of thyroxine metabolism.
